(19) 



J 



Europaisch s Pat ntamt 
European Patent Office 
Offic europden d s brevets 




(12) 



(11) EP 1 013 990 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

28.06.2000 Bulletin 2000/26 

(21) Application number: 99309771.6 

(22) Date of filing: 06.12.1999 



(51) lntci.7: F23D 17/00, F23D 11/38. 
F23D 14/48 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 24.12.1998 JP 36725598 

(71) Applicant: Mitsubishi Heavy Industries, Ltd. 
Tokyo (JP) 

(72) Inventors: 

• Mandai. Shigemi, 
c/o Takasago Res. & Dev. Center 
2-chome, Takasago-shi, Hyogo-Ken (JP) 



• Ohta, Masataka, 

c/o Takasago Res. & Dev. Center 
2-chome, Takasago-shi, Hyogo-Ken (JP) 

• Kobayashi, Kazuya, 

c/o Takasago Machinery Works 
2-chome, Takasago-shi, Hyogo-ken (JP) 

• Nishida, KoichI, c/o Takasago Machinery Works 
2-chome, Takasago-shi, Hyogo-ken (JP) 

(74) Representative: Sanderson, Michael John et al 
Mewburn Ellis, 
York House, 
23 Kingsway 
London WC2B 6HP (GB) 



(54) A dual fuel nozzle 



(57) A dual fuel nozzle is provided with two different 
size injection holes. The first injection holes (4) have 
larger diameters and are used only for injecting gaseous 
fuel into a combustion chamber On the other hand, the 
second injection nozzles (6) have smaller diameter and 
are used for injecting either gaseous fuel or liquid fuel 
as required. When gaseous fuel is used, if the fuel in- 
jection amount is large or medium, both of the first and 
second Injection holes (4.5) or first injection holes (4) 
only are used for injecting gaseous fuel depending upon 



the required fuel injection amount. When the fuel injec- 
tion amount is low. only the second injection hole(5) is 
used for injecting gaseous fuel. Therefore, the pressure 
drop across the fuel nozzle can be kept at a sufficiently 
high level even when the fuel injection amount is low. 
and thereby combustion vibration is suppressed. Fur- 
ther, when liquid fuel is used, a premixed fuel and steam 
mixture is injected from the second injection holes (5). 
This also keep the pressure drop across the fuel nozzle 
at a high level in order to suppress combustion vibration 
when the fuel injection amount is low. 



Fig .1 



CM 
< 

o 
o> 
o> 

CO 



liJ 




Printed by Jouve. 75001 PARIS (FR) 



EP 1 013 990 A2 



D scription 



[0001] The pr sent invention relates to a dual fuel 
nozzle which is capable of injecting either a gaseous fuel 
or a liquid fuel into the combustion chamber of. for ex- s 
ample, a gas turbine. 

[0002] An engine operating on either a gaseous fuel 
or a liquid fuel, as required, such as a gas turbine, is 
equipped with dual fuel nozzles capable of supplying ei- 
ther a gaseous fuel or a liquid fuel to the combustion io 
chamber (combustor) of the engine. Usually, a dual fuel 
nozzle is provided with separate injection holes exclu- 
sively used for a gaseous fuel and a liquid fuel. Further, 
a dual fuel nozzle is provided with atomizing holes used 
for injecting atomizing steam or water when liquid fuel 15 
is used. Atomizing steam or water is used for atomizing 
the liquid fuel, and thereby supplying liquid fuel to the 
combustion chamber in the form of very fine particle in 
order to suppress exhaust smoke. 

[0003] Fig. 3 shows a typical longitudinal section of a 20 
conventional dual fuel nozzle of a gas turbine and Fig. 
4 is an end view of the nozzle viewing from the direction 
indicated by the line IV-IV in Fig. 3. 
[0004] In Fig. 3. reference numeral 3 designates a du- 
al fuel nozzle as a whole, 1 designates an inner tube of 25 
the combustor of a gas turbine. The dual fuel nozzle 3 
is provided with a nozzle tip 6 at the end thereof. A liquid 
fuel injection hole (a tip hole) 9 for injecting liquid fuel is 
disposed at the center of the nozzle tip 9 and, as shown 
in Figs. 3 and 4, atomizing holes 10 and gaseous fuel 30 
injection holes 7 are disposed concentrically around the 
nozzle tip 6. Further, swirlers 2 for forming a swirl of com- 
bustion air are disposed between the nozzle 3 and the 
inner tube 1. 

[0005] Combustion air is supplied through an air pas- 35 
sage 2a formed by an annular space between the nozzle 
3 and the inner tube 1 . Combustion air in the air passage 
2a forms a swirl when it passes through the swirler 2 
and flows into the combustion chamber (the inside of 
the inner tube 1). 40 
[0006] When gaseous fuel is used, fuel is supplied to 
a gaseous fuel passages 7a and injected into the inner 
tube 1 from the gaseous fuel injection holes 7. Gaseous 
fuel injected from the gaseous fuel injection holes 7 
burns in the combustion chamber and forms a diffusion 45 
flame. On the other hand, when liquid fuel is used, liquid 
fuel is supplied to a liquid fuel passage 6a and injected 
from the liquid fuel injection hole 9 of the nozzle tip 6 
into the swirl of combustion air and forms the diffusion 
flame. Further, when liquid fuel is used, steam or water so 
is injected from the atomizing holes 10 in order to atom- 
ize the liquid fuel injected from the liquid fuel Injection 
hole 9, 

[0007] However, in the conventional type dual fuel 
nozzle in Figs. 3 and 4, especially when the amount of 55 
fuel injection is small, vibratory combustion may occur. 
An engine such as a gas turbine is required to operate 
over a wide load range. Thus, the amount of fuel injected 



from the nozzle changes widely in accordance with the 
change in the engine load. Therefore, in the convention- 
al dual fuel nozzle, the injection holes must have large 
diameters so that a sufficient amount of fuel can be in- 
jected therethrough when the engine load is high. How- 
ever, if the Injection holes having large diameters are 
used, it Is necessary to reduce the fuel supply pressure 
largely in order to reduce the fuel injection amount when 
the engine load is low. When the fuel supply pressure 
becomes low. the difference between the combustion 
chamber and the fuel supply pressure (i.e., the pressure 
difference across the fuel nozzle) becomes small. When 
the pressure difference across the fuel nozzle is low, the 
amount of fuel passing through the nozzle, i.e.. the fuel 
injection amount changes largely in response to fluctu- 
ation of the pressure in the combustion chamber Fur- 
ther, the change in the fuel injection amount causes 
changes in the combustion pressure (the pressure in the 
combustion chamber). Therefore, the fluctuation of the 
pressure in the combustion chamber is amplified and 
vibratory combustion occurs if the frequency of the fluc- 
tuation of the pressure in the combustion chamber 
matches the hydrodynamic natural frequency of the fuel 
supply system. This causes unstable combustion in the 
combustion chamber and a low frequency combustion 
vibration in vyhlch vibration and noise due to cyclic 
change in the pressure in the combustion chamber oc- 
cur. The combustion vibration occurs when either gas- 
eous fuel or liquid fuel is used if the pressure difference 
across the fuel nozzle becomes low. 
[0008] Therefore, in the conventional dual fuel nozzle, 
it is necessary to keep the fuel injection amount at a rel- 
atively large value in order to suppress combustion vi- 
bration. This cause a problem when the conventional 
type dual fuel nozzle is used as a pilot burner for a 
premixed combustion type low NO^ combustor. The 
premixed combustion type low NG^ combustor is a com- 
bustor which reduces the amount of NO^ generated by 
combustion by lowering the combustion temperature by 
burning fuel in a premixed combustion mode in the com- 
bustor. However, if the conventional dual fuel nozzle is 
used for a pilot burner, since the fuel injection amount 
must be kept at a relatively large value in order to sup- 
press combustion vibration, it is difficult to lower a pilot 
fuel ratio (a ratio of the fuel injection amount of a pilot 
burner to a total fuel injection amount of the combustor). 
In this case, since the fuel injected from the pilot burner 
burns in a diffusion combustion mode as explained be- 
fore, a relatively large amount of NO^ is produced by the 
pilot burner due to a relatively high temperature of the 
diffusion combustion . Therefore, the amount of NOx pro- 
duced by the premixed combustion type combustor in- 
creases as the pilot fuel ratio becomes larger. Conse- 
quently, if the conventional dual fuel nozzle is used as 
a pilot burner for the premixed combustion low NO^ 
combustor, it is difficult to reduce the amount of NO^ suf- 
ficiently. 

[0009] Further, since the conventional dual fuel noz- 
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zle requires atomizing holes for Injecting steam or water 

in addition to the gaseous fuel injection holes and liquid 
fuel injection holes, the construction of the nozzle is 
complicated. 

[0010] In view of the problems in the related art as set 5 
forth above, it would be desirable to provide a dual fuel 
nozzle having a simple construction and being capable 
of suppressing the combustion vibration when the fuel 
injection amount Is low. 

[0011] According to the present invention there is pro- io 
vided a dual fuel nozzle for injecting gaseous fuel and/ 
or liquid fuel into a combustion chamber provided with 
a first injection hole and a second Injection hole for in- 
jecting fuel therefrom, wherein the second injection hole 
has a diameter smaller than the first injection hole and. is 
when gaseous fuel is used, the nozzle injects gaseous 
fuel from one of the first and the second Injection hole, 
or both injection holes depending upon the required 
amount of fuel injection and, when liquid fuel is used, 
the nozzle injects a mixture of liquid fuel and steam from 20 
the second Injection hole. 

[001 2] According to the present invention, the dual fu- 
el nozzle is provided with the first injection hole and the 
second injection hole having a diameter smaller than the 
first injection hole. When gaseous fuel is used, fuel is 25 
injected from the first injection hole or the second injec- 
tion hole, or both injection holes depending on the 
amount of fuel injection. For example, when the fuel in- 
jection amount is large, gaseous fuel is injected from 
both of the first and second injection holes. Therefore. 30 
a large amount of fuel can be injected into the combus- 
tion chamber. When the fuel injection amount is medi- 
um, gaseous fuel is injected only from the first injection 
hole having a larger diameter. When the fuef injection 
amount is small, gaseous fuel is injected only from the 35 
second injection hole having a smaller diameter. Since 
the second Injection hole has a smaller diameter, the 
flow resistance thereof is high. Therefore, by using the 
second injection holes, the pressure difference across 
the nozzle remains large even when the fuel injection 40 
amount is small. Consequently, when gaseous fuel is 
used, the sensitivity of the fuel injection amount to the 
fluctuation of the pressure in the combustion chamber 
becomes low, and combustion vibration in the low fuel 
injection amount operation is effectively suppressed. 45 
[0013] Further, when liquid fuel is used, liquid fuel is 
premixed with steam before it is injected into the com- 
bustion chamber This mixture of fuel and steam is in- 
jected from the second injection hole having a smaller 
diameter. Therefore, the velocity of the mixture passing so 
through the nozzle is kept high even when the fuel in- 
jection amount becomes low. This maintains the pres- 
sure difference across the nozzle sufficiently high to 
suppress the combustion vibration when the fiiel injec- 
tion amount is small. Further, since the velocity of the ss 
mixture of liquid fuel and steam injected from the second 
injection hole is high, good atomization of the liquid fuel 
is obtained without using separate injection of atomizing 



steam or water. Thus, th dual fuel nozzle of the present 
invention does not require separate atomizing holes for 
injecting atomizing steam or water, and thereby the con- 
struction of the nozzle becomes largely simplified. 
[0014] The dual fuel nozzle according to the present 
invention may be used as a pilot bumer ora main burner 
of a gas turbine combustor. If the dual fuel nozzle ac- 
cording to the present invention is used as a pilot burner 
for a premixed combustion type low NOx gas turbine 
combustor, the pilot fuel ratio can be largely reduced 
and. thereby, the total anrwunt of NO^ produced by the 
combustor can be sufficiently reduced. 
[0015] The present invention will be better understood 
from the description, as set forth hereinafter, with refer- 
ence to the accompanying drawings in which: 

Fig. 1 shows a schematic longitudinal section view 
of an embodiment of a dual fuel nozzle according 
to the present invention; 

Fig. 2 shows an end view of the nozzle viewing from 
the direction 11-11 In Fig. 1; 

Fig. 3 shows a schematic longitudinal section view 
of a conventional dual fuel nozzle; 
Fig. 4 shows an end view of the conventional dual 
fuel nozzle viewing from the direction IV-IV in Fig. 3; 
Fig. 5 IS a partial longitudinal section view of a 
premixed combustion type combustor of a gas tur- 
bine which uses the dual fuel nozzle in Fig. 1 as a 
pilot burner 

Fig. 6 is a longitudinal section view showing the con- 
struction of tne combustor in Fig. 5; 
Fig 7 IS .1 r irtial section view showing the arrange- 
ment of tn- combustor in a gas turbine; 
Fig 8 1^ w .vTial longitudinal section view of a dif- 
fusion : ^stion type combustor of a gas turbine 
which i; ► dual fuel nozzle in Fig. 1 as a main 
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holes4 in this embodiment are used exclusively for gas- 
eous fuel and the second fuel passages 5a and the sec- 
ond injection holes 5 having smaller diameters are used 
for either gaseous and liquid fuel depending upon re- 
quirement. 

[0019] Namely, when gaseous fuel is used, both of the 
first and the second injection holes 4 and 5 are used for 
injecting fuel if a large amount of fuel is to be injected. 
On the other hand, if the required fuel injection amount 
is small, only the second injection holes 5 having smaller 
diameters are used for injecting gaseous fuel. Further, 
when a medium amount of fuel is to be injected, only the 
first injection holes having larger diameters are used. By 
switching the injection holes in accordance with the re- 
quired fuel injection amount, a total cross sectional area 
of the flow passage of fuel is set at an appropriate value 
in accordance with the fuel injection amount. For exam- 
ple, when the fuel injection amount is large, the total 
cross sectional area of the fuel flow passage Is set at a 
large value by using both of the first and the second in- 
jection holes 4 and 5. In this case, flow resistance 
through the fuel passage does not become excessively 
high when a large amount of fuel flows therethrough. 
Therefore, a sufficient amount of fuel can be supplied to 
the combustor. Further, when the fuel injection amount 
is small, the total cross sectional area of the fuel flow 
passage is set at a small value by using only the second 
injection holes 5. Therefore, the pressure difference 
across the nozzle is not lowered even when the fuel in- 
jection amount is low. In this case, the fuel flow amount 
through the nozzle (i.e., fuel injection amount) does not 
change largely even when the pressure in the combus- 
tion chamber fluctuates. Thus, combustion vibration in 
the low fuel injection amount operation is effectively sup- 
pressed. 

[0020] When liquid fuel is injected, liquid fuel is 
premixed with steam and the mixture of fuel and steam 
is supplied through the second fuel flow passages 5a 
and the second injection holes 5 having smaller diame- 
ters. Therefore, in this embodiment, the velocity of the 
mixture flowing through the passage 5a and the injection 
holes 5 becomes much higher than that in the case 
where only liquid fuel is injected from the second injec- 
tion holes 5. Thus, when liquid fuel Is used, the pressure 
difference across the nozzle is always kept at a suffi- 
ciently high value in order to suppress combustion vi- 
bration in a low fuel injection amount operation. 
[0021] Further, when liquid fuel is used, since liquid 
fuel is premixed with steam before it is supplied to the 
nozzle 3, the dual fuel nozzle in this embodiment does i 
not require separate atomizing holes (numeral 10 in 
Figs. 3 and 4) for injecting atomizing steam or water. 
Therefore, the construction of the dual fuel nozzle 3 is 
largely simplified according to the present embodiment. 
[0022] The actual diameters of fuel passages 4a, 5a t 
and injection holes 4, 5 as well as the flow range for 
using the respective injection holes and fuel passages 
are determined, preferably by experiment, in such a 



manner that a pressure difference across the nozzle be- 
comes sufficiently high for suppressing the combustion 
vibration over the entire range of fuel injection amounts. 
[0023] Figs. 5 to 7 show an embodiment In which the 
present invention is applied to a premixed combustion 
type gas turbine combustor. Figs. 5 and 6 are longitudi- 
nal section view of the gas turbine combustor. In Figs. 
5 to 7. reference numerals the same as those in Fig. 1 
designate similar elements. 

[0024] In Fig. 5. the dual fuel nozzle 3 according to 
the present invention is disposed along the center axis 
of a cylindrical combustor 10 and acts as a pilot burner. 
In the combustor 10, a plurality of main nozzles 13 are 
disposed around the dual fuel nozzle 3 and a conical 
shape cone 1 5 surrounding the nozzle 3 is disposed be- 
tween the dual fuel nozzle 3 and the main nozzles 13. 
Fuel injected from the respective main nozzles 1 3 mixes 
with combustion air passing through swirlers 13a of the 
main nozzles and forms a mixture of fuel and air. This 
premixed fuel and air is ignited by the flame 8 produced 
by the pilot burner 3 in the inner tube 1 . 
[0025] Fig. 7 is a sectional viewof a gas turbine which 
shows the an^angement of the combustor within the gas 
turbine. In Fig. 7, numeral 100 designates a gas turbine 
as a whole. 101 designates an axial compressor of the 
gas turbine and 103 designates turbines installed on a 
rotor shaft 105 connected to the compressor 101. Am- 
bient air is pressurized by the compressor 101 and flows 
Into the casing 107 of the gas turbine. The pressurized 
air in the casing 107 is, then, supplied to the combustor 
10 as combustion air from the combustion air inlet port 
(not shown) disposed near one end of the combustor 
10. As shown in Figs. 6 and 7, the inner tube 1 of the 
combustor 10 is connected to a tail tube 17, and the 
combustion gas produced in the inner tube 1 is supplied 
to first stage stators 19 of turbines through the tail tube 
17. The combustion gas passes through the stators 19 
turns the turbine rotor 105 and, via the rotor shaft 105, 
the compressor 101 and external load connected to the 
"fo rotor shaft 105. 

[0026] Fig. 8 shows another embodiment in which the 
present invention is applied to a diffusion combustion 
type combustor of a gas turbine. In Fig. 8, reference nu- 
merals the same as those in Fig. 1 designate similar el- 
^5 ements. In Fig. 8. the dual fuel nozzle 3 of the present 
invention acts as a main nozzle of the combustor 10 and 
the diffusion combustion occurs in the combustor 10. 
The inner tube 1 of the combustor 10 Is connected to 
the tail tube 1 7 and the combustion gas produced by the 
'0 main burner 3 is directed to the stators (not shown) 
through the tail tube 17. 

[0027] Fig. 9 schematically shows the fuel supply sys- 
tem for supplying fuel to the dual fuel nozzle 3. In Fig. 
9. numeral 91 designates a gaseous fuel line connected 
5 to a pressurized gaseous fuel source 92. 93 and 95 are 
branch lines which connect the gaseous fuel line 91 to 
the fuel passages 4a and 5a. respectively On the lines 
93 and 95, flow control valves 81 and 83 are disposed. 
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Further, on the branch line 95, a check valve 82 is dis- 
posed in order to prevent the liquid fuel fronn entering 
into the gaseous fuel line 91 when liquid fuel is supplied 
to the second fuel passage 5a. 

[0028] The branch line 95 is further connected to a 5 
pressurized liquid fuel source 94 via a liquid fuel line 97 
and to a steam source 96 via a steam line 99. On the 
lines 97 and 99. flow control valves 85. 87 and check 
valves 84 and 86, respectively, are disposed. The check 
valves 84 and 86 prevents gaseous fuel from entering io 
into the liquid fuel line 97 and the steam line 99 when 
gaseous fuel is supplied to the second fuel passage 5a. 
[0029] In the arrangement in Fig. 9. fuel can be 
switched from gaseous fuel to liquid fuel, or vice versa, 
without extinguishing the flame in the combustor 10. is 
During the switching of fuel, both gaseous fuel and liquid 
fuel are supplied to dual fuel nozzle 3 at the same time 
by adjusting the flow control valves 83 and/or 85 and 
flow control valves 87 and 89 in accordance with the op- 
erating condition of the gas turbine. 20 



Claims 

1. A dual fuel nozzle (3). for injection gaseous fuel and/ 25 
or liquid fuel into a combustion chamber, provided 
with a first injection hole (4) and a second injection 
hole (5) for injecting fuel therefrom, characterised 
in that the second injection hole (5) has a diameter 
smaller than the first injection hole (4) and, when 30 
gaseous fuel is used, the nozzle (3) injects gaseous 
fuel from one of the first and the second injection 
holes (4.5). or from both injection holes (4.5) de- 
pending upon the required amount of fuel injection 
and, when liquid fuel is used, the nozzle (3) injects 35 
a mixture of liquid fuel and steam from the second 
injection hole (5). 

2. A dual fuel nozzle as set forth in claim 1. wherein 
the nozzle (3) is used as a pilot burner of a gas tur- 40 
bine combustor. 

3. A dual fuel nozzle as set forth in claim 1. wherein 
the nozzle (3) is used as a main burner of a gas 
turbine combustor. 45 

4. A dual fuel nozzle as set forth in claim 2. wherein 
the gas turbine combustor is a premixed combus- 
tion type combustor. 
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(54) A dual fuel nozzle 

(57) A dual fuel nozzle is provided with two different 
size Injection holes. The first injection holes (4) have 
larger diameters and are used only for injecting gaseous 
fuel into a connbustlon chamber. On the other hand, the 
second injection nozzles (5) have smaller diameter and 
are used for injecting either gaseous fuel or liquid fuel 
as required. When gaseous fuel is used, if the fuel in- 
jection amount is large or medium, both of the first and 
second injection holes (4,5) or first injection holes (4) 
only are used for injecting gaseous fuel depending upon 
the required fuel injection amount. When the fuel injec- 
tion amount is low, only the second injection hole(5) is 
used for injecting gaseous fuel. Therefore, the pressure 
drop across the fuel nozzle can be kept at a sufficiently 
high level even when the fuel injection amount is low, 
and thereby combustion vibration is suppressed. Fur- 
ther, when liquid fuel is used, a premixed fuel and steam 
mixture is injected from the second injection holes (5). 
This also keep the pressure drop across the fuel nozzle 
at a high level in order to suppress combustion vibration 
when the fuel injection amount is low. 
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